Abstract: Medial meniscus posterior root tears are common injuries, especially in the Asian world. This injury must be repaired where indicated to restore knee biomechanics and prevent arthritis. Suturing the meniscus using suture tapes provides good hold of the tissue. The use of a 70 arthroscope and creation of a transseptal portal improve visualization of the posterior compartment. Creation of a high posteromedial portal achieves the correct trajectory for the suture anchor insertion. A knotless suture anchor can be used to fix the posterior root at its anatomic attachment site. This obliterates the need for transtibial drilling for a suture pull-out repair or for knot tying and suture shuttling as for a conventional suture anchor.
M edial meniscus posterior root tears (MMPRT) are increasingly being diagnosed due to better understanding of the pathology, better imaging, and improved arthroscopic practice. The detrimental effect that this injury can have is accepted and is known to lead to an increase in peak contact pressure by 25%, akin to total medial meniscectomy, progressive arthritis, and instability. 1 The derangement of biomechanics of the medial compartment of the knee is due to extrusion of the meniscus. The degree of extrusion has recently been shown to increase progressively within a short duration of the root tear based on magnetic resonance imaging (MRI) evaluation. 2 The risk factors for an MMPRT include female sex, increased body mass index, lower sports activity level, severe varus deformity, increased posterior tibial slope, and anterior cruciate ligament deficiency. 3, 4 There are 2 standard techniques for repairing the torn posterior root of the medial meniscus: either using pullout sutures through a transtibial tunnel and tying the sutures over an implant or inserting suture anchors, passing the sutures through the meniscus and tying it down. Whether either technique restores normal knee biomechanics is a matter of debate, but securing attachment to bone until such time that healing occurs is important. We describe here our technique of MMPRT repair using suture tapes and a knotless suture anchor.
Indications for Surgery
Patients with MMPRT benefit from repair in terms of symptomatic relief and prevention of degenerative joint disease. 5 Acute and chronic degenerative tears must be repaired to achieve these outcomes. Arthroscopic repair, however, is best reserved for patients with good cartilage status and relatively acute tear. Patients who are high risk due to medical comorbidities or advanced age can be managed nonsurgically. 5 Another contraindication for repair is the presence of Outerbridge grade 3 or 4 chondral changes in the medial compartment as these patients have a poor outcome. 6 Also, patients with varus malalignment must undergo a simultaneous or prior osteotomy to correct the alignment. 7 A varus of 3 is probably acceptable. 8 
Surgical Technique
Diagnostic Arthroscopy and Preparing the Meniscus Bed After induction of appropriate anesthesia, the patient is placed in the supine position. A high thigh tourniquet is applied with side support and table flat. After preparation, the tourniquet is inflated, a high anterolateral (AL) portal is created, and a diagnostic round is performed to assess the medial compartment chondral status, presence of root tear, and any ligamentous pathology with a 30 arthroscope. It is sometimes difficult to visualize the root, and this can be improved by pie crusting of the medial collateral ligament with an 18 FG hypodermic needle while a valgus, external rotation force is applied. A standard anteromedial (AM) working portal is created, and careful probing of the root is carried out to confirm a tear. Feasibility of repair is assessed by evaluation of the quality of meniscus tissue, site of tear, and cartilage status. An arthroscopic curette is inserted from the AM portal, and the cartilage at the root attachment site is removed to create a bed of raw subchondral bone while a valgus, external rotation force is applied with the knee in 20 flexion (Fig 1) .
Suturing the Meniscus
The knee is kept in 20 flexion, a knee Scorpion (Arthrex, Naples, FL) self-suture retrieving device is loaded with no. 0 FiberWire (Arthrex), and a bite is taken in the meniscus near the root to obtain a simple stitch. The FiberWire is retrieved through the AM portal, and a SutureTape (Arthrex) is tied to one end. The other end of the FiberWire is pulled, and thus the SutureTape gets shuttled through the meniscus to obtain a simple loop stitch (Fig 2) . This step is repeated to obtain 2 SutureTape passes through the meniscus root. The ends of the tape are retrieved through the AM portal, and hemostat is applied. A motorized shaver is used to clear the septum (Fig 3A) , and the scope is advanced transseptally to visualize the posteromedial (PM) compartment with the knee in 90 flexion as first described by Ahn et al. 9 A high PM portal is then created about 4 cm proximal to the joint line by the outside-in technique using an 18 FG spinal needle, with the gastrocnemius fold acting as a landmark (Fig 3B) , and an 8.0 mm cannula (Stryker, Kalamazoo, MI) is inserted over a Wissinger rod. The Wissinger rod is also used to confirm a straight trajectory from the PM portal to the root (Fig 4A) . Each end of the tape is then shuttled posteriorly over a knot pusher inserted from the AM portal with the knee in 20 flexion while visualizing posteromedially with the scope passed transseptally from AL portal. The 4 tape ends are retrieved out of the PM portal using a suture grasper and parked there (Fig 4 B and C) .
Fixation
All 4 ends of the suture tapes are loaded into the eyelet of a 4.75 Â 19.1 mm BioComposite SwiveLock (Arthrex) suture anchor and clamped. The 30 arthroscope is replaced by a 70 arthroscope and is inserted through the AL portal. This allows a bird's-eye view of the meniscus root attachment site. The knee is kept in 90 flexion, and the scope is advanced transseptally to focus at the root attachment on the tibia, which was previously prepared. An awl for the SwiveLock anchor is inserted through the high PM portal, and a pilot hole is created at the root attachment site by gentle tapping (Fig 5A) . The driver is then inserted through the PM portal, and traction is applied to all suture tapes to remove any slack. It is gently tapped into the pilot hole until the anchor tip is seen. Gentle traction is applied to all the suture tapes, and the anchor is screwed in by turning in a clockwise direction completely under vision (Fig 5 B and C) . The driver is removed, and the tip retention suture is pulled out. A 30 scope is again inserted from the AL portal, the attached root is visualized with the knee in 20 of flexion, and thorough probing is done from the AM portal to confirm the reduction and stability of the repair. The 3 portal site incisions are sutured, and sterile compression dressing is applied.
The arthroscopic surgical technique for right knee medial meniscus posterior root repair is explained in Video 1. The advantages of this technique to repair an MMPRT are enumerated in Table 1 .
Rehabilitation
The initial priorities are pain relief, edema control, and quadriceps activation. The patient is mobilized nonweight bearing with the leg in a long knee brace in full extension. The meniscus translates posteriorly with flexion, especially beyond 60 , and this is detrimental for the repair. 10 Knee flexion is restricted to 60 for the initial 4 weeks, and full knee flexion is permitted only after 2 months, to protect the repair. Weight bearing generates hoop stresses, which can distract the repair and compromise healing. 11 Hence, patients are kept non-weight bearing for 4 weeks, followed by partial weight bearing for 2 weeks, and full weight bearing is allowed at the end of 6 weeks. Deep flexion activities like squatting are permitted only after 6 months.
Discussion
While comparing the various suture configurations for MMPRT repair in human menisci for maximum failure load, Kopf et al. found that the modified Kessler stich was stronger than the loop stitch, which in turn was stronger than 2 simple stitches for MMRT repair. No suture configuration recreated the strength of the native root. 12 In a similar study in porcine models, Feucht et al. found that modified Mason-Allen stitches provided the best biomechanical properties with regard to cyclic loading and load-to-failure testing. While 2 simple stitches were an alternative, a horizontal mattress suture and 2 loop stitches had lower stiffness and higher displacement during cyclic loading. 13 However, application of complex suture configuration arthroscopically is extremely difficult in a small and tight area like the PM compartment of the knee. Using appropriate suture material is also important. The ideal suture material should provide low displacement, high stiffness, and high maximum load to keep the root reattached while healing occurs. 14 Feucht et al. evaluated various suture materials in porcine menisci, comparing biomechanical properties, and concluded that FiberWire (Arthrex) may be the preferred suture material for transtibial pull-out MMPRT repair due to comparably low displacement during cyclic loading and higher values for maximum stiffness and load. The 2 mm FiberTape (Arthrex) exhibited greater displacement, but this was a maximum of 1.46 mm, the clinical significance of which is unknown. 15 The SutureTape (Arthrex) that has been used for this technique is narrower (1.3 mm) and causes less tissue trauma while passing.
There are 2 techniques of fixation of the sutured meniscus root to its bed on the tibia: either the pull-out technique through a transtibial tunnel or suture anchors. Padalecki et al. have shown that in a cadaveric model, pull-out repair of root avulsions improved load distribution in the medial compartment at all angles of knee flexion. Their repair restored contact area and pressure to a level that was statistically similar to an intact meniscus state and reduced contact pressure while increasing contact area compared with a torn state. 16 A similar conclusion has been arrived at by other investigators in cadaveric studies, and there is a strong basis to recommend repairing the torn root to restore normal joint biomechanics at all flexion angles. 1, 17 However, recognition of the arthroscopic anatomic landmarks for achieving an anatomic repair is crucial. 18 A nonanatomic repair has been shown not to restore either the mean contact pressure or contact area to an intact meniscus or an anatomic repair state at all flexion angles in a cadaveric model. 19 Stärke et al. have shown a narrow window for mechanically sufficient root repair in porcine models. A 3-mm displacement from the native attachment causes lower levels of meniscal hoop tension and increased cartilage deformation, indicating increased local stress in this study. 20 There are certain problems inherent in the transosseous repair technique, like the requirement of drilling a tunnel, which complicates associated ligament reconstruction; risk of suture abrasion within the tunnel prior to healing of the meniscus; and the possibility of creep within the suture reducing the strength of the repair. 5 Arthroscopic repair of a MMPRT was perhaps first described by Engelsohn et al. 21 a decade ago in MMPRT repair by a pull-out suture and suture anchor, and there was no clinical or functional difference between these groups at a minimum follow-up of 2 years. However, there was statistically greater prevalence of incomplete healing on MRI in the pull-out repair group as well as greater meniscal extrusion in these patients. The progress of cartilage degeneration was also greater in this group of patients. The authors also noted the inadequate tensioning of the sutures due to the long distance in the pull-out repair technique. 22 LaPrade et al. 23 have reported improvement in pain, function, and activity level following a transtibial double tunnel pull-out repair of the medial meniscus root, irrespective of age. However, Kaplan et al. 24 have found increased meniscal extrusion, worsening of medial compartment chondral status, and partial healing in a majority of patients at a mean follow-up of 2 years after transtibial MMPRT repair. The healing of meniscus root and reduction of extrusion has been confirmed on MRI scans by using this current technique (Fig 6) . Feucht et al. performed a biomechanical comparison between the 2 repair techniques for MMPRT repair and found that although the suture anchor repair was superior biomechanically, neither technique could provide the strength of a native root attachment. The suture anchor construct provided significantly lower displacement and higher stiffness, and favorable biomechanical properties are important for healing of the repaired root and restoration of function. They proposed that the long suture-meniscus construct causes micromotion of the reattached meniscus, due to a bungee effect possibly compromising healing, besides problems like abrasion of suture in the tunnel and tunnel widening when a pull-out suture technique is employed. 25 This bungee effect has been refuted by Cerminara et al., 26 who have demonstrated that the displacement at meniscus-suture interface was statically greater than that at the bonebutton interface or suture elongation component for transtibial pull-out repair. The placement of suture anchors in the posterior compartment of the knee is challenging and requires shuttling of sutures, and there exists the possibility of anchor loosening and displacement. 27 The use of knotless anchors eliminates one step of suture shuttling and knot tying, thus simplifying the process by a degree.
MMPRT is increasingly being diagnosed and repaired by arthroscopists. There is much controversy in the optimal management of MMPRTs as a repair does not restore knee function to that of a normal meniscal condition, and improved reparative technique can be one path to achieve this goal. 8 However, a repair must be performed wherever indicated. The technique described here provides the surgeon with another method to repair an MMPRT without the need for drilling transosseous tunnels or the need to suture the meniscus to an anchor in the tight posterior space. Biomechanical evaluation must be performed for this technique of fixation prior to recommending its widespread use.
The pearls and pitfalls of this technique are discussed in Table 2 .
